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(57) ABSTRACT

The invention relates to positioning of shaping rolls and
makes it possible the rapid formation of a large number of fine
three-dimensional shapes on a sheet material. A pair of shap-
ing rolls that are parallel to each other include, on circumfer-
ential surfaces thereof, recessed and protruding shapes that
mesh with each other at a face-to-face position. Rotating
shafts of the pair of shaping rolls are cooperatively coupled
with a rotational driving means through eccentric couplings.
A downstream shaping roll includes, inside a roll main body,
air passages that extend in a direction of a roll shaft center and
air vent holes that connect the air passages to the circumfer-
ential surface. A communication member is disposed adja-
cent to the end of the roll main body and includes an air intake
port that can communicate with the air passages in a first
preset region in a circumferential direction, and an air supply
port that can communicate with the air passages in a second
preset region. The air intake port is communicably connected
to an air intake means, and the air supply port is communica-
bly connected to an air supply means.
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1
SHEET MATERIAL SHAPING APPARATUS

TECHNICAL FIELD

The present invention relates to a shaping apparatus for
sheet materials used for surface sheets for absorbent articles
and/or the like, such as disposable diapers and sanitary nap-
kins, and more specifically, to a shaping apparatus capable of
forming a large number of fine three-dimensional shapes on a
sheet material rapidly and minutely.

BACKGROUND ART

Among the surface sheets for the absorbent articles are
those using a composite sheet that is made by laying a sheet
material on which a large number of protruding portions are
formed on top of a smooth sheet material and joining the two
sheet materials at positions in between the protruding por-
tions. The composite sheet is to be worn in such a manner that
the large number of protruding portions protrude toward the
skin of a wearer, thereby providing a feeling of comfort to
wear as well as preventing liquid leakage effectively.

Conventionally, as a shaping apparatus forming a large
number of three-dimensional shapes such as the protruding
portions on a sheet material, there has been one in which a pair
of rolls (hereinafter referred to as shaping rolls as well) on
circumferential surfaces of which recessed and protruding
shapes are formed are disposed in such a manner that their
recessed and protruding shapes mesh with each other (for
example, refer to Patent Literature 1). In the shaping appara-
tus, a large number of three-dimensional shapes are formed
on a sheet material passing between the pair of shaping rolls.
Then the sheet material on which the three-dimensional
shapes have been formed is conveyed along with the circum-
ferential surface of the downstream shaping roll of the pair,
laid on a smooth sheet as mentioned above, and then pressed
by a pressing roll that is disposed on the downstream side; the
predetermined portions of the sheets are joined together, and
thus a composite sheet is produced.

The pair of shaping rolls need to rotate synchronously with
each other so that the recessed and protruding shapes mesh
with each other. To that end, it may be considered that a
rotational driving means that is cooperatively coupled with
the shaping rolls includes a transmission device consisting of,
for example, timing pulleys and a timing belt that runs over
the timing pulleys or the like in order that its output shafts to
the respective shaping rolls rotate synchronously.

However, each of the pair of shaping rolls needs to be
shifted in a direction perpendicular to its shaft center for
adjusting the gap between the rolls, the depth of meshing, the
pressing force and so forth depending on the recessed and
protruding shapes, thicknesses of the sheet materials and so
on. Then, in a case where output sections of the transmission
device are directly coupled to the rotating shafts of the shap-
ing rolls, the output shafts of the rotational driving means
should also be shifted together with the shaping rolls being
shifted, which is not easy.

Besides, even a slightly oblique deflection of the roll shaft
centers of the pair of shaping rolls from their parallel dispo-
sition results in differences in the gap between the rolls, the
depth of meshing, the pressing force and so forth between one
end and the other end of the shaping rolls, thereby causing a
problem that three-dimensional shapes formed on the sheet
material become nonuniform. Therefore, the gap between the
rolls, etc. must be adjusted minutely, which has been very
troublesome.
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In a case where the sheet material is a surface sheet, for
example, the circumferential surfaces of the shaping rolls
have fine recessed and protruding shapes densely formed
thereon. Specifically, recessed shapes and protruding shapes
of several millimeters each in diameter are formed around 1
mm apart, for example. Besides, the shaping rolls rotate at a
rate of 600 to 800 rpm, for example; thus, the surface velocity
of a roll main body reaches as much as 300 to 400 m/min,
although it varies with the kind, thickness, etc. of the sheet
material to be produced.

As a result, there is a risk that the sheet material, after
passed between the pair of shaping rolls and conveyed on the
circumferential surface of the downstream shaping roll to the
next process is lifted off the roll surface having the recessed
and protruding shapes due to a centrifugal force and thereby
cannot maintain the predetermined three-dimensional
shapes; and there is also a risk that, if there is a deviation of the
three-dimensional shapes on the sheet material from the
recessed and protruding shapes on the surface of the shaping
roll, the three-dimensional shapes on the sheet material
become deformed when pressed by the pressing roll disposed
on the downstream side.

Further, in a case where the three-dimensional shapes that
are formed on the sheet material tightly fit the recessed and
protruding shapes that are formed on the downstream shaping
roll, it is not easy to separate the sheet material from the
surface of the downstream shaping roll at the position where
the sheet material is sent out to the next process; this may
place an obstacle to sending it out to the next process and thus
increases the risk that the sheet material winds around the
downstream shaping roll. Thus, there has been a problem that,
with use of the conventional shaping apparatus, sufficiently
high shaping speed of three-dimensional shapes is not easily
attained.

CITATION LIST
Patent Literature

[Patent Literature 1] Japanese Patent Unexamined Publi-
cation No. 2004-174234

SUMMARY OF INVENTION
Technical Problem

In view of the above-mentioned problems, the present
invention is directed to providing a sheet material shaping
apparatus that allows easy positioning of shaping rolls and is
capable of forming a large number of fine three-dimensional
shapes on a sheet material rapidly and minutely.

Solution to Problem

To solve the above problem, the present invention is con-
stituted as follows. The descriptions below are based on
FIGS. 1 to 7 that show an exemplary embodiment of the
present invention.

Aspect 1 of the present invention relates to a sheet material
shaping apparatus for forming predetermined three-dimen-
sional shapes on a sheet material (12) passing between at least
a pair of shaping rolls (3, 4) disposed parallel to each other,
the pair of shaping rolls (3, 4) respectively having, on circum-
ferential surfaces thereof, recessed and protruding shapes (6)
that mesh with each other at a face-to-face position, and
having rotating shafts (24) wherein at least either one of
rotating shafts (24) of the pair of shaping rolls (3, 4) is coop-
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eratively coupled with a rotational driving means (10)
through an eccentric coupling (25).

Aspect 2 of the present invention relates to a sheet material
shaping apparatus for forming predetermined three-dimen-
sional shapes on a sheet material (12) passing between at least
a pair of shaping rolls (3, 4) disposed parallel to each other,
the pair of shaping rolls (3, 4) respectively having, on circum-
ferential surfaces thereof, recessed and protruding shapes (6)
that mesh with each other at a face-to face position, wherein
a downstream shaping roll (4), which is one of the pair of
shaping rolls (3, 4), conveys the sheet material (12) down-
stream and includes, inside a roll main body (4a), air passages
(28) that extend in a direction along a roll shaft center (27) and
air vent holes (29) that connect the air passages (28) to the
circumferential surface; and a communication member (30)
is disposed adjacent to at least one end of the roll main body
(4a), the communication member (30) including an air intake
port (31) that can communicate with the air passages (28) in
afirst d preset region (A) in a circumferential direction and an
air supply port (32) that can communicate with the air pas-
sages (28) in a second preset region (B) different from the first
preset region (A), the air intake port (31) being communica-
bly connected to an air intake means, the air supply port (32)
being communicably connected to an air supply means.

In Aspect 1 of the present invention, the rotating shaft of the
shaping roll is cooperatively coupled with the rotational driv-
ing means through the eccentric coupling. When the shaping
roll is shifted, the positional difference of the shaping roll is
absorbed by the eccentric joint; therefore, although the output
shaft of the rotational driving means to the shaping roll is
positioned at a predetermined position, the gap between the
rolls can be adjusted easily.

The eccentric coupling can be any coupling as long as the
coupling transmits the rotation smoothly even when the roll
shaft center, which is the rotating shaft center of the shaping
roll, and the shaft center of a pulley or the like cooperatively
coupled with the roll are not coaxial, is not limited to one
having a specific structure, and may be, for example, a uni-
versal coupling. However, a coupling that permits the shaping
roll to easily undergo a parallel shift is preferable; and a
Schmidt coupling, for example, is more preferable because
the axial length of the coupling is short and the roll can be
shifted parallel without the tilting of the roll, and thereby the
gap between the rolls can be equalized from one end to the
other.

That is, since the thickness and/or weight per unit area of a
sheet material may vary within the margin of acceptable error,
it is preferable that the position of the shaping roll is slightly
shifted depending on the variations so that the pressing force
can be kept constant. In the case where the eccentric coupling
is a Schmidt roll, since the parallel disposition is maintained
even after the shaping roll is slightly shifted, the meshing of
the fine recessed and protruding shapes can be kept uniform
despite the variation of the thickness of the sheet material;
thereby the predetermined three-dimensional shapes can be
formed uniformly.

The pair of shaping rolls are usually each supported at
either end by a bearing section, and it is preferable that both
bearing sections of at least either one of the pair of shaping
rolls are each positioned in such a manner as to be movable
forward and backward in a direction perpendicular to the roll
shaft center by an air cylinder so that a slight shift of the
shaping roll is permitted while a predetermined pressing
force is maintained.

In Aspect 2 of the present invention, in the first preset
region, since the circumferential surface of the roll is com-
municably connected to the air intake means through the air
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vent holes, the air passages and the air intake port in this order,
the suction power of the air intake means prevents the sheet
material conveyed along with the circumferential surface of
the roll is prevented from being lifted off the circumferential
surface of the roll.

Also, in the second preset region, since the circumferential
surface of the roll is communicably connected to the air
supply means through the air vent holes, the air passages and
the air supply port in this order, the sheet material conveyed
along with the circumferential surface of the roll is pushed in
such a manner as to be separated from the circumferential
surface of the roll by the air supplied from the air supply
means.

The downstream shaping roll can be any roll as long as the
first preset region serves to convey the sheet material down-
stream and the second preset region serves to separate the
sheet material from the circumferential surface of the roll; the
first preset region and the second preset region can be set
without limitation. However, in a case where a pressing roll is
provided on the downstream side of the shaping rolls in a
direction of conveyance of the sheet material and where the
pair of the shaping rolls face each other at a first face-to-face
section and the downstream shaping roll and the pressing roll
face each other at a second face-to-face section, it is prefer-
able that the first preset region is provided in such a manner as
to correspond to a region between the first face-to-face sec-
tion and the second face-to-face section and that the second
preset region is provided in such a manner as to correspond to
aregion on the downstream side from the second face-to-face
section in the direction of conveyance of the sheet material
because then the sheet material can be held tightly on the
circumferential surface of the roll at the region between the
two face-to-face sections, be separated from the circumfer-
ential surface of the roll immediately after passing through
the second face-to-face section, and thus be surely sent out to
the next process.

It is preferable that the sheet material is heated in a state
where the formed three-dimensional shapes fit the recessed
and protruding shapes of the circumferential surfaces of the
rolls because then the three-dimensional shapes are thermally
set and thereby sustained well and the sheet material can
easily be joined with, for instance, a smooth sheet material to
give a composite sheet. In this case, when the air passages are
formed inside the downstream shaping roll, there is a risk that
the efficiency of heating the circumferential surface of the roll
is reduced because the air passing through the air passages
takes away heat supplied by a heating means. However, pref-
erably when the downstream shaping roll includes the heating
means at a position further away from the roll shaft center
than the air passages, the heating means is disposed in the
neighborhood of the circumferential surface and the heat
supplied by the heating means to the circumferential surface
of the roll is less likely to be taken away by the air passing
through the air passages; so that the circumferential surface of
the roll can be heated efficiently by the heating means.

Further, also in the sheet material shaping apparatus
according to Aspect 1 of the present invention, preferably
when the pressing roll is provided on the downstream side of
the shaping rolls in the direction of conveyance of the sheet
material, it is possible to produce a composite sheet easily by
supplying a smooth sheet material to between the pressing
roll and the shaping roll and joining it with the sheet material
on which the three-dimensional shapes have been formed by
the shaping rolls.

Advantageous Effects of Invention

Constituted and functioning as described above, the
present invention produces the following effects.
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(1) In Aspect 1 of the present invention, a shift of the
shaping roll can be absorbed by the eccentric joint, and the
output shaft of the rotational driving means to the shaping roll
can be positioned at a predetermined position. As a result,
positioning of the shaping roll is easy, and the gap between the
rolls, the depth of meshing, the pressing force and the like can
be adjusted easily; thus, a large number of fine three-dimen-
sional shapes can evenly and easily be formed on a sheet
material.

(2) In Aspect 2 of the present invention, since a sheet
material is prevented from being lifted from the circumferen-
tial surface of the downstream shaping roll in the first preset
region, the three-dimensional shapes that have been formed
on the sheet material can be held by the recessed and protrud-
ing shapes on the circumferential surface of the roll; thereby
their shapes can be sustained well. Also, since the sheet mate-
rial can be pushed in such a manner as to be separated from the
circumferential surface of the roll by the air supplied from the
air supply means in the second preset region, the three-di-
mensional shapes that have been formed on the sheet material
can be surely taken out of the recessed and protruding shapes
on the circumferential surface of the roll, and thus be easily
separated from the circumferential surface of the roll. As a
result, a large number of fine three-dimensional shapes can
rapidly and minutely be formed on a sheet material.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a drawing showing a general configuration of a
shaping apparatus according to an embodiment of the present
invention used in a composite sheet production apparatus.

FIG. 2 is an enlarged end view of a neighborhood of a
meshing section of shaping rolls according to the embodi-
ment of the present invention.

FIG. 3 is a sectional view of a composite sheet.

FIG. 4 is a partially cutaway front view of a shaping appa-
ratus according to the embodiment of the present invention.

FIG. 5 is a side view of the shaping apparatus according to
the embodiment of the present invention.

FIG. 6 is a sectional view of an essential part of a down-
stream shaping roll according to the embodiment of the
present invention.

FIG. 7 is a sectional view of a communication member
according to the embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

The present invention is concretely described below, refer-
ring to the drawings.

FIG. 1 is a drawing showing a general configuration of a
composite sheet production apparatus (1) comprising a shap-
ing apparatus (2) according to an embodiment of the present
invention; by the shaping apparatus (2), a first sheet material
(12) that is supplied from a first feed section (11) and a second
sheet material (14) that is supplied from a second feed section
(13) are joined together to produce a composite sheet (15).

The shaping apparatus (2) includes a pair of shaping rolls
(3, 4), and a pressing roll (5) disposed thereunder; the rolls (3,
4, 5) are disposed, as shown in FIG. 4, in such a manner that
respective roll shaft centers (27) are parallel to each other.

The pair of shaping rolls (3, 4) face each other at a first
face-to-face section (C1), and the shaping roll (4) on the lower
side and the pressing roll (5) face each other at a second
face-to-face section (C2). The first sheet material (12) is
supplied to the first face-to-face section (C1), and is con-
veyed, by the shaping roll (4) on the lower side, in other
words, the shaping roll (4) on the downstream side in a direc-
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6

tion of conveyance, approximately halfway along the circum-
ferential surface of the roll to the second face-to-face section
(C2). On the other hand, the second sheet material (14) is
supplied to the second face-to-face section (C2), and is com-
pressed together with the first sheet material (12) between the
downstream shaping roll (4) and the pressing roll (5); the
predetermined portions of the sheets are joined together and
thus a composite sheet is produced. Then the composite sheet
(15) is separated from the downstream shaping roll (4) and the
pressing roll (5), and is sent out of the shaping apparatus (2)
to the next process.

As shown in FIG. 2, on respective circumferential surfaces
of the pair of shaping rolls (3, 4) are formed recessed and
protruding shapes (6) that mesh with each other at the first
face-to-face section (C1). That is, at the first face-to-face
section (C1), the protruding shapes (6a) formed on the cir-
cumferential surface of the shaping roll (3) on the upper side
fit in the recessed shapes (64) formed on the circumferential
surface of the downstream shaping roll (4) on the lower side,
and the protruding shapes (6¢) formed on the circumferential
surface of the downstream shaping roll (4) fit in the recessed
shapes (6b) formed on the circumferential surface of the
shaping roll (3) on the upper side.

Passing between the pair of shaping rolls (3, 4), the first
sheet material (12) is given three-dimensional shapes (18)
consisting of recessed portions (16) and protruding portions
(17) corresponding to the recessed and protruding shapes (6),
as shown in FIG. 3. On the other hand, the second sheet
material (14) is of smooth surface, and is joined with the
bottom surfaces of the recessed portions (16) of the first sheet
material (12) at the second face-to-face section (C2).

As shown in FIG. 4, the rotating shaft (24) of each of the
rolls (3, 4, 5) is supported at either end via a bearing section
(7) by a housing (8).

The bearing sections (7b) supporting the downstream
shapingroll (4) located vertically in the middle are adjusted to
predetermined positions and are then fixed. In contrast, the
bearing sections (7a, 7¢) for the upper shaping roll (3) and the
pressing roll (5) are each positioned and supported in such a
manner as to be movable in vertical direction, in other words,
forward and backward in a direction perpendicular to the roll
shaft center (27) by air cylinders (26) respectively disposed in
the upper part and the lower part of the housing (8).

The shaping apparatus (2) according to the embodiment
includes, as a rotational driving means (10), a transmission
device (9) disposed on one side of the housing (8), and a
driving source (not shown) such as a motor or the like.

As shown in FIG. 4 and FIG. 5, the transmission device (9)
includes output shafts (19) to the respective rolls (3, 4, 5).
Among the output shafts (19), the output shaft (19¢) to the
pressing roll (5) has an input pulley (20) attached thereto, and
the input pulley (20) is cooperatively coupled with the driving
source (not shown) via a timing belt (21). Meanwhile, an end
of each of the output shafts (19) has a timing pulley (22)
attached thereto. Over the timing pulleys (22), a second tim-
ing belt (23) runs; thereby the respective output shafts (19) are
cooperatively coupled with each other so as to synchronously
rotate.

As shown in FIG. 5, the timing pulleys (22) are disposed at
predetermined positions of the transmission device (9), and
are not vertically aligned with each other. Therefore, the
centers of the rotating shafts (24) of the respective rolls (3, 4,
5) vertically aligned with each other do not coincide with the
centers of the output shafts (19) of the transmission device
(9). For the reason, the rotating shafts (24) of the respective
rolls (3, 4, 5) are cooperatively coupled with the respective
output shafts (19) of the transmission device (9) through
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eccentric couplings (25), respectively. More specifically, as
shown in FIG. 4, the rotating shafts (24a, 24b) of the pair of
shaping rolls (3, 4) are cooperatively coupled with the output
shafts (194, 196) through Schmidt couplings (25a), respec-
tively whereas the rotating shaft (24¢) of the pressing roll (5)
is cooperatively coupled with the output shaft (19¢) through a
universal coupling (255). Therefore, the pair of shaping rolls
(3, 4) and the pressing roll (§) can be disposed at any adjusted
positions while the output shafts (19) of the transmission
device (9) are fixedly disposed at predetermined positions.

The Schmidt coupling (25a) includes three pieces of discs
and links connecting between the discs. The outside discs can
change their relative position through the change of disposi-
tion of the links, and while the output shaft (19) and the
rotating shaft (24) fixed to the outside discs, respectively, are
kept parallel to each other, the rotation of the output shaft (19)
can smoothly be transmitted to the rotating shaft (24).

Depending on the changes in the thickness of the first sheet
material (12), the upper shaping roll (3) is slightly shifted in
vertical direction, resisting the pressing force of the air cyl-
inder (26); however, since the rotating shaft (24a) of the upper
shaping roll (3) and the output shaft (19a) of the transmission
device (9) are cooperatively coupled with each other through
the Schmidt coupling (254), the upper shaping roll (3) is kept
horizontal and shifted parallel without any postural inclina-
tion. As a result, the gap between the pair of shaping rolls (3,
4) is kept constant from one end to the other; thus, uniform
three-dimensional shapes (18) are formed through meshing
of the recessed and protruding shapes (6).

As shown in FIG. 4, the downstream shaping roll (4)
includes, inside a roll main body (4a), a plurality of air pas-
sages (28) extending in a direction parallel to the roll shaft
center (27). The air passages (28) are disposed along the
circumferential surface of the roll as shown in FIG. 6, and are
respectively connected to the recessed shapes of the recessed
and protruding shapes (6) formed on the circumferential sur-
face of the roll through air vent holes (29).

In the neighborhood of either end of the roll main body (4a)
is disposed a communication member (30), and the commu-
nication member (30) is non-rotatably fixed to the housing
8.

As shown in FIG. 7, the communication member (30)
includes an air intake port (31) that can communicate with the
air passages (28) in a first preset region (A) corresponding to
a region between the first face-to-face section (C1) and the
second face-to-face section (C2) in the circumferential direc-
tion, and an air supply port (32) that can communicate with
the air passages (28) in a second preset region (B) correspond-
ing to a region on the downstream side from the second
face-to-face section (C2) in the direction of conveyance of the
sheet material. The air intake port (31) is communicably
connected to an air intake means (not shown) through an air
intake path (33), and the air supply port (32) is communicably
connected to an air supply means (not shown) through an air
supply path (34).

The first sheet material (12) having passed between the pair
of shaping rolls (3, 4) at the first face-to-face section (C1) is
conveyed along with the circumferential surface of the down-
stream shaping roll (4) to the second face-to-face section
(C2). At this time, the circumferential surface of the roll is
communicably connected to the air intake means through the
air vent holes (29), the air passages (28), the air intake port
(31) formed in the first preset region (A), and the air intake
path (33) in this order. As a result, the first sheet material (12)
is sucked onto the circumferential surface of the roll by the
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suction power of the air intake means, and thereby is pre-
vented from being lifted off the circumferential surface of the
roll.

The first sheet material (12) having reached the second
face-to-face section (C2) is, together with the second sheet
material (14), compressed between the downstream shaping
roll (4) and the pressing roll (5) as described above, and
thereby a composite sheet (15) is produced. On the down-
stream side of the second face-to-face section (C2), the cir-
cumferential surface of the downstream shaping roll (4) is
communicably connected to the air supply means through the
air vent holes (29), the air passages (28), the air supply port
(32) formed in the second preset region (B), and the air supply
path (34) in this order. As a result, the composite sheets (15)
having passed the second face-to-face section (C2) is pushed
in such a manner as to be separated from the circumferential
surface of the roll by air supplied from the air supply means,
and thereby is smoothly separated from the downstream shap-
ing roll (4) and sent out to the next process.

As shown in FIG. 4, therolls (3, 4, 5) each include a heating
means (35). That is, in the center part of the upper shaping roll
(3) and the pressing roll (5), a heating means (35a) is disposed
along the roll shaft center (27). The thus disposed heating
means uniformly heats the circumferential surfaces of the
upper shaping roll (3) and the pressing roll (5) to a predeter-
mined temperature.

In contrast, the downstream shaping roll (4), as shown in
FIG. 4 and FIG. 6, includes a plurality of heating means (3554)
that are disposed at positions further away from the roll shaft
center (27) than the air passages (28), or in other words, closer
to the circumferential surface of the roll than the air passages
(28).

Since the heating means (355) of the downstream shaping
roll (4) are disposed in the neighborhood of the circumferen-
tial surface of'the roll, the circumferential surface of the roll is
heated efficiently. Moreover, since the air passages (28) are
disposed not between the heating means (356) and the cir-
cumferential surface of the roll but across the heating means
(35b) from the circumferential surface of the roll, the heat
supplied by the heating means (35) to the circumferential
surface of the roll is less likely to be taken away by the air
passing through the air passages; so that the circumferential
surface of the roll is heated efficiently also in this respect.

As aresult, the first sheet material (12) that is supplied to
between the pair of shaping rolls (3, 4) and then conveyed by
the downstream shaping roll (4) is efficiently heated by the
heating means (355) and thereby is shaped well, and the
second sheet material (14) that is supplied to between the
downstream shaping roll (4) and the pressing roll (5) is heated
by the heating means (35a) and thereby is joined well with the
first sheet material (12). The second sheet material (14) may
be directly supplied to the second face-to-face section (C2) as
shown in FIG. 1 or alternatively be supplied to the circum-
ferential surface of the pressing roll (5) and then be guided by
the circumferential surface of the roll to the second face-to-
face section (C2); in this case the second sheet material (14)
can be preheated by the heating means (35a).

The sheet material shaping apparatus described above is
only an exemplary embodiment of the technical idea of the
present invention. The shape, structure, arrangement, dimen-
sion and the like of the members are not limited to those
described in the embodiment, and various changes can be
made within the scope of claims of the present invention.

For example, in the embodiment, the transmission device
included in the rotational driving means consists of the timing
pulleys and the timing belt that runs over the timing pulleys,
and the configuration is preferable because the output shafts
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to which the timing pulleys are attached can be disposed
freely. However, the transmission device of the present inven-
tion can be any transmission device that does not require
shifting the output shafts to the shaping rolls; for example, it
may be one in which a combination of gears or the like is used.

Also, in the embodiment, in the pair of shaping rolls,
recessed and protruding shapes consisting of recessed shapes
and protruding shapes are formed on the respective circum-
ferential surfaces of the rolls. However, in the present inven-
tion, a configuration such that only protruding shapes are
formed on a circumferential surface of one shaping roll while
only recessed shapes are formed on a circumferential surface
of the other shaping roll may also be acceptable.

Further, in the embodiment, the rotating shafts of the pair
of shaping rolls are each cooperatively coupled with the rota-
tional driving means through the Schmidt coupling. However,
in the present invention, it is only necessary that at least either
one of the rotating shafts of the shaping rolls should be coop-
eratively coupled with a rotational driving means through an
eccentric coupling; thus, the eccentric coupling may be of
other types such as universal coupling or the like. Moreover,
the other shaping roll can be directly connected to the output
shaft of the rotational driving means.

Also, in the embodiment, air cylinders are used for posi-
tioning of the bearing sections of one of the shaping rolls and
the pressing roll in such a manner that the bearing sections are
movable forward and backward in a direction perpendicular
to the roll shaft center. However, in the present invention, the
bearing sections may each be supported by another means
such as, for example, a spring force or the like.

In the embodiment, the shaping rolls and the pressing roll
are vertically aligned with each other. However, in the present
invention, these rolls may be arranged in a different way, for
example, at positions forming an [.-shape when viewed from
a side; therefore, the relative position of the second face-to-
face section to the first face-to-face section is not limited to
the one described in the embodiment.

Also, in the embodiment, the pair of shaping rolls and the
pressing roll are virtually of the same diameter and therefore
can desirably be synchronized without difficulty so that cir-
cumferential velocities of the respective rolls agree with each
other. However, in the present invention, the rolls may be of
different diameters. For example, the downstream shaping
roll may have a larger diameter so that the sheet material
conveyed by the downstream shaping roll is sufficiently
heated by the downstream shaping roll and thereby surely
given predetermined three-dimensional shapes and surely
joined with the second sheet material. Meanwhile, the
upstream shaping roll and the pressing roll may each be of a
smaller diameter to reduce installation space, equipment cost,
etc.

In the embodiment described above, only a single pressing
roll is provided. However, in the present invention, a plurality
of pressing rolls may be provided in such a manner as to
respectively face the downstream shaping roll sequentially; in
this case, desirably, the first sheet material and the second
sheet material can be joined together more securely.

Dimensions such as diameters and lengths of the shaping
rolls and the press roll, numbers of the air passages and the
heating means provided, shapes, sizes and spacing of the
recessed and protruding shapes, etc., needless to say, are not
limited to those described in the embodiment.

INDUSTRIAL APPLICABILITY

The shaping apparatus of the present invention is capable
of forming a large number of fine three-dimensional shapes
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on a sheet material rapidly and minutely, and therefore can be
suitably used specifically as an apparatus for manufacturing
surface sheets of absorbent articles such as disposable dia-
pers, sanitary napkins and/or the like, but the apparatus is also
useful as apparatus for manufacturing other sheet materials
having three-dimensional shapes.

REFERENCE SIGNS LIST

2 . .. sheet material shaping apparatus
3 ... shaping roll (upper shaping roll)
4 . .. shaping roll (downstream shaping roll)
4a . . . roll main body
5 ... pressing roll
6 . .. recessed and protruding shapes
7 ... bearing section
7a . . . bearing section for upper shaping roll (3)
10 . . . rotational driving means
12 ... sheet material (first sheet material)
24 . . . rotating shaft of the roll
25 ... eccentric coupling
25a . . . Schmidt coupling
26 . . . air cylinder
27 ... roll shaft center
28 ... air passage
29 . .. air vent hole
30 . . . communication member
31... air intake port
32 ... air supply port
356 . . . heating means
The invention claimed is:
1. A sheet material shaping apparatus for forming prede-

termined three-dimensional shapes on a sheet material pass-
ing between at least a pair of shaping rolls disposed parallel to
each other, the pair of shaping rolls respectively having, on
circumferential surfaces thereof, recessed and protruding
shapes that mesh with each other at a face-to-face position,
wherein

at least either one of rotating shafts of the pair of shaping

rolls is cooperatively coupled with a rotational driving
means through an eccentric coupling.
2. The sheet material shaping apparatus as claimed in claim
1, wherein the eccentric coupling is a Schmidt coupling.
3. The sheet material shaping apparatus as claimed in claim
1, wherein
the pair of shaping rolls are each supported at either end by
a bearing section; and

both bearing sections of at least either one of the pair of
shaping rolls are each positioned in such a manner as to
be movable forward and backward in a direction perpen-
dicular to a roll shaft center by an air cylinder.

4. A sheet material shaping apparatus for forming prede-
termined three-dimensional shapes on a sheet material pass-
ing between at least a pair of shaping rolls disposed parallel to
each other, the pair of shaping rolls respectively having, on
circumferential surfaces thereof, recessed and protruding
shapes that mesh with each other at a face-to-face position,

a downstream shaping roll, which is one of the pair of

shaping rolls, conveys the sheet material downstream
and includes, inside a roll main body, air passages that
extend in a direction along a roll shaft center and air vent
holes that connect the air passages to the circumferential
surface; and
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a communication member is disposed adjacent to at least
one end of the roll main body, the communication mem-
ber including an air intake port that can communicate
with the air passages in a first preset region in a circum-
ferential direction and an air supply port that can com-
municate with the air passages in a second preset region
different from the first preset region, the air intake port
being communicably connected to an air intake means,
the air supply port being communicably connected to an
air supply means.

5. The sheet material shaping apparatus as claimed in claim

4, wherein

a pressing roll is provided on the downstream side of the
pair of shaping rolls in a direction of conveyance of the
sheet material;

the pair of shaping rolls face each other at a first face-to-
face section while the downstream shaping roll and the
pressing roll face each other at a second face-to-face
section;

the first preset region is provided in such a manner as to
correspond to a region between the first face-to-face
section and the second face-to-face section; and
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the second preset region is provided in such a manner as to
correspond to a region on the downstream side from the
second face-to-face section in the direction of convey-
ance of the sheet material.
6. The sheet material shaping apparatus as claimed in claim
4, wherein the downstream shaping roll includes a heating
means at a position further away from the roll shaft center
than the air passages.
7. The sheet material shaping apparatus as claimed in claim
1, wherein a pressing roll is provided on a downstream side of
the pair of shaping rolls in a direction of conveyance of the
sheet material.
8. The sheet material shaping apparatus as claimed in claim
4, wherein the air vent holes in the downstream shaping roll
connect the air passages to the outer circumferential surface.
9. The sheet material shaping apparatus as claimed in claim
4, wherein the air intake port of the communication member
communicates with a part of the air passages in the first preset
region, and the air supply port communicates with another
part of the air passages in the second preset region.
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